Dissecting aneurysms of the posterior inferior cerebellar artery (PICA) distal to its origin from vertebral artery (VA) are very rare. Although rare, they associated with a high risk of rebleeding and they present a therapeutic challenge. This study reviewed the clinical presentations, angiographic characteristics of dissecting aneurysms of the PICA and to assess the clinical and angiographic outcomes of patients who underwent endovascular treatment.
Introduction
Aneurysms of the posterior inferior cerebellar artery (PICA) are uncommon, accounting for 0.5%-3% of all intracranial aneurysms 1 . Most lesions arise near the origin of the PICA from the vertebral artery (VA).
A much smaller proportion, termed distal PICA aneurysms, arise from more peripheral PICA segments. These aneurysms are also classified into saccular and fusiform types. Saccular lesions are hemodynamically generated lesions that usually arise at bifurcations or vessel bends, and can be treated either surgically or endovascularly without sacrifice of the parent vessel.
Fusiform aneurysms arise spontaneously anywhere in the course of the vessel as a consequence of dissection.
Dissecting aneurysms of the PICA are very rare lesions accounting for only 0.5 to 0.7 % of all intracranial aneurysms 2 and their treatment is controversial. The artery enters proximally and exits distally from the affected vessel segment and therefore cannot be treated without parent vessel occlusion. Surgical procedures carry a high risk of neurologic complications due to the proximity of the vessel to brain stem and lower cranial nerves. Endovascular treatment has been proposed as an alternative to surgery.
The present study retrospectively reviewed a consecutive series of ten patients with ruptured dissecting PICA aneurysms treated endovascularly with parent vessel occlusion in a single center. days (range 1-30 days). The reason for the delay in the treatment in two cases (30 days) was due to misinterpretation of the findings of the first angiography before their admission in our hospital. All other patients were treated during the acute phase of the SAH (first to fourth post-bleeding day).
The aneurysms and proximal parent arteries were occluded using detachable coils or glue. Procedure-related complications and adverse events were recorded.
After the procedure, the patient was monitored in an intensive care unit.
Postprocedure CT scans were obtained in all patients within 48 hours. Seven patients underwent follow-up angiograms six months postoperatively. The final clinical outcome was assessed at the last clinical visit or phone interview by using the Glasgow Outcome Scale (GOS) 5 .
Results
All patients presented with an acute intracranial hemorrhage (four patients with subarachnoid hemorrhage [SAH], five patients with SAH and intraventricular hemorrhage [IVH], and one patient SAH with intracerebellar hematoma), confirmed by CT. Hunt and Hess grading at admission was as follows: grade I, two patients; grade II, four patients; grade III, two patients; and grade IV, two patients. In four cases, the aneurysm was located on the left side, in six cases, on the right side. The location of the aneurysms was anterior medullary segment in three lateral medullary segment in three, telovelotonsillar segment in two, and cortical segment in two cases. Aneurysm size ranged from three to 15 mm in the longest axis.
All aneurysms were successfully treated on the first attempt. The endovascular treatment method was parent artery occlusion in all patients. Parent artery occlusion was performed with coils in eight cases ( Figures 1 and 2) , and with liquid embolic agent in two cases (cortical segment). In small distally located aneurysms (cortical segments) embolization with detachable coils would have been difficult and therefore we used liquid embolic agent. One of the lesions was embolized using Histoacryl (Auscelap, B. Braun) and one using Glubran 2 (GEM Srl). A 60% mixture of glue was used. To avoid distal penetration of the glue or reflux into the parent vessel, in all cases a balloon (Hyper-
Materials and Methods
We retrospectively reviewed the records of all patients with intracranial aneurysms treated at our referral center between January 2000 and August 2010. Of 935 patients with 1067 intracranial aneurysms treated during this period, we identified ten patients (1.07%) with ten dissecting aneurysms of the PICA distal to its origin from the VA. Dissecting aneurysm was diagnosed if an irregular fusiform dilatation with or without associated narrowing of the PICA was demonstrated angiographically. Patients with dissecting aneurysms involving the vertebral arteries, fusiform PICA aneurysms associated with arteriovenous malformations and nondissecting (saccular aneurysms located at bifurcations or vessel bends) distal PICA aneurysms were excluded. Hospital records, preand post-operative neuroimaging studies, and operative reports were reviewed. Follow-up studies ranged from six months to five years. Only one patient was lost to follow-up review.
The mean age of the ten patients (seven women, three men) was 58.2 years (range, 54.0-78.0 years). All patients presented with SAH and pretreatment clinical status was recorded from the patient files according to the Hunt & Hess classification 3 . All patients underwent four-vessel cerebral angiography and a dissecting PICA aneurysm was diagnosed as the cause of bleeding.
According to the anatomical classification described by Lister et al. 4 the location of the aneurysm was recorded as anterior medullary, lateral medullary, tonsillomedullary, telovelotonsillar, or cortical. The presence and size of potential collateral vessels (contralateral PICA, ipsilateral anterior inferior cerebellar artery, and superior cerebellar artery) were evaluated angiographically. Test occlusion before permanent PICA occlusion was performed by temporary inflation of a balloon (HyperForm Occlusion Balloon System, ev3) in the vertebral artery across the origin of the PICA with simultaneous contrast injection into the contralateral vertebral artery in all cases. Evaluation of leptomeningeal collaterals was based on the extent of retrograde contrast opacification of distal PICA branches on delayed angiographic images. If the collaterals reconstituted the segment adjacent to the occluded segment the collaterals were considered adequate.
The mean delay from bleeding to endovascular treatment in the present series was eight 
Discussion
The PICA typically arises from the intracranial portion of the VA (80-95% of cases). The PICA can be divided into five segments and two loops, based on its relationship with the medulla oblongata and the cerebellum. The segments are the following: anterior medullary, lateral medullary, tonsillomedullary, telovelotonsillar, and cortical 4 . Dissecting aneurysm is diagnosed if an irregular fusiform dilatation with or without associated narrowing of the PICA demonstrated angiographically 6 . In the majority of cases the etiology of dissecting aneurysms is unknown 7 .
PICA dissecting aneurysms account for approximately 0.5 to 0.7 % of all intracranial aneurysms 2 . Subarachnoid hemorrhage is the most common initial clinical presentation (74%) with ischemia accounting for the remaining cases 8 . Kanou et al. 9 reported that dissecting aneurysms of the proximal PICA tend to cause infarctions and that peripheral dissections tend to lead to SAH. In our series all patients presented with subarachnoid hemorrhage with or without intraventricular hemorrhage, or intracerebellar hematoma.
Dissecting aneurysm of the PICA carries a 24% risk of rebleeding in the acute phase 6 , associated with a high mortality rate and early intervention is essential.
Form Occlusion Balloon System, ev3) was inflated across the origin of the PICA and the glue was injected slowly.
At the end of each procedure, occlusion of the aneurysm was confirmed by a selective angiogram. The retrograde filling of the distal segments of the occluded vessel was also evaluated ( Figure 1C, 2D ). There were no procedural complications.
Post-treatment CT scans within 48 hours obtained in all cases. In two cases (aneurysms of the anterior medullary and lateral medullary segments of PICA), asymptomatic, small, cerebellar infarcts were detected.
Follow-up angiographic studies (six months post-treatment) were performed in seven cases (one patient lost and two patients died) showed stable and complete occlusion in all cases. No retreatments were performed.
The patients were followed up clinically over a mean period of 12 months (range six to 28 months). The long-term clinical outcome on follow-up was assessed using the Glasgow outcome scale (GOS). The clinical outcome was good (GOS 5) in eight cases, whereas two patients with poor clinical condition at admission (Hunt & Hess grade IV) died during their initial hospital stay (9 th and 17 th post-bleed day).
There were no rebleedings after the endovascular treatment or during the follow-up period. First, brain stem ischemia due to occlusion of the perforating arteries supplying the brain stem which may originate from the six most proximal segments of the PICA and second cerebellar ischemia distal to the occlusion site.
In our group of patients there were three aneurysms located in the two more proximal segments of PICA (anterior and lateral medullary). To our knowledge, the present series is the largest subgroup of patients with dissected aneurysms in the most proximal segments of PICA. In all patients the aneurysm and the dissected segment occluded without neurological
The management of PICA aneurysms that cause SAH is challenging and remains controversial. Most cases reported in the literature have been treated by surgical occlusion of the PICA or trapping of the dissected segment. They suggested that trapping of the involved segment with distal revascularization is the treatment of choice. More recently, successful endovascular treatment of dissecting PICA aneurysms has been reported 6,7,10-12 . The endovascular approach includes occlusion of the aneurysm and the parent artery at the dissected segment.
Parent artery occlusion of the PICA is potentially associated with two types of ischemic the numerous anastomoses of the perforating arteries forming a plexiform network on the medullary surface 14 . Furthermore, in both surgical and endovascular treatment the diseased segment is occluded and thus perforating vessels in that area are sacrificed. On the other hand, occlusion of PICA distal to the telovelotonsillar segment generally does not result in brain stem injury. To assess the risks of PICA occlusion we performed detailed angiographic evaluation of the posterior fossa and the potential collateral supply from the contralateral PICA or ipsilateral anterior cerebellar artery and/or superior cerebellar artery consequences. Additionally in the three most recent publications in the English literature 6, 7, 10 which reported the results of endovascular treatment in dissecting PICA aneurysms, there were nine aneurysms located in the two more proximal segments. All aneurysms were treated endovascularly with parent artery occlusion with excellent neurological outcome. The risk of brain stem ischemia in cases of permanent occlusion at the first two segments is limited due to absence of normal perforating branches in aneurysmal dilatations of the dissected arterial segments 13 . Additionally, the risk of brain stem ischemia is also limited territories due to therefore the incidence of post procedural cerebellar infarcts could be higher.
To conclude, according to our results, endovascular treatment of dissected PICA aneurysms with occlusion of both the dissecting aneurysm and the parent artery has excellent clinical outcome, although our group included the largest number of patients with dissections in the two most proximal segments. Despite the excellent clinical outcome careful preprocedural angiographic evaluation of the collateral circulation is necessary to avoid extensive cerebellar damage and edema especially in the setting of SAH.
was evaluated. Balloon test occlusion can be performed to accurately evaluate the patient's capability to tolerate permanent occlusion. In cases where collateral supply is insufficient, potentially there is the option of surgical bypass. On the other hand, if permanent PICA occlusion is followed by cerebellar infarct, it is usually of limited size, and patients usually tolerate it well 7, 15 . PICA territory infarcts found in follow-up CT scan in two of our patients (20%) after permanent PICA occlusion without neurological consequences. It is well known that MRI is more accurate in depicting ischemic lesions, especially in the posterior fossa, and
